to 10.08 mmol/L), with lower concentration of chloride (166 to 220 µmol/L). Cation 89 concentrations were highest at the emergence and nearby first outflow sites, and lowest at the 90 Rose Pool, including calcium (1.20 to 0.39 mmol/L), magnesium (0.69 to 0.20 mmol/L), 91 potassium (0.18 to 0.03 mmol/L), and sodium (0.12 to 0.03 mmol/L). 92
Dissolved inorganic carbon (DIC, predominantly present as dissolved CO2 due to the low 93 pH) concentration were highest at the emergence (1.67 mmol/L) and decreased down the outflow 94 channel to 0.30 mmol/L at the Rose Pool. DIC δ 13 C values were more negative at the source 95 (δ 13 C = -15.96 ‰) and became more positive down the outflow channel with the most positive 96 values at the Rose Pool (δ 13 C = -11.78 ‰), consistent with preferential loss of 12 CO2 through 97 volatilization and uptake by autotrophs. Dissolved organic carbon concentration was consistently 98 low at all sites (36.8 to 44.2 µmol/L) and had similar δ 13 C values (-22 .50 to -23.95 ‰). 99 Potential nutrients measured included NH4(T), P, Mn, Fe(II), and Fe(total). NH4(T) 100 concentration was highest at the first outflow site (50.0 µmol/L) and lowest at Rose Pool (10.7 101 µmol/L). P concentration was highest at the emergence (9.55 µmol/L) and decreased to below 102 detection limits at the Rose Pool. Mn concentration decreased from the highest value at the 103 emergence (76.84 µmol/L) to the lowest at the Rose Pool (40.23 µmol/L). Total iron (Fetotal) 104 exhibited a similar trend as Mn and P, with the highest concentration at the emergence (4.68 105 mmol/L) and the lowest at the Rose Pool in the outflow (0.25 mmol/L), though Fe(II) had 106 concentrations significantly lower than Fetotal with the highest concentration at the outflow site 107 downstream of the emergence (0.88 mmol/L) and the lowest at the Rose Pool (11.2 µmol/L). The 108 discrepancy in the Fe(II) data may be due to the colorimetric tests which are optimized for 20 °C. 109
whereas Fetotal is measured via ICP-MS or ICP-OES with samples that are acidified with 110 concentrated HNO3 to keep metals in solution. All aqueous geochemistry data are reported in 111 Table 1 . 112 2.2 Inorganic carbon assimilation. Autotrophic incorporation of added 13 CO2 was quantified in 113 mesocosm experiments using treatments carried out under either light or dark (wrapped in 114 aluminum foil) to characterize photoautotrophic and chemoautotrophic uptake, respectively. At 115 the emergence light treatments of full biofilms (green and white biomass) returned average C-116 uptake rates of 32.547 (± 7.949) and 21.691 (± 6.36) µg C uptake/g Cbiomass/hr after one-and 117 two-hour incubations, respectively. Dark treatments of the green biomass returned averages of 118 1.632 (± 0.454) µg C uptake/g Cbiomass/hr after one hour and 0.746 (± 0.174) µg C uptake/g 119 Cbiomass/hr after two hours, while dark treatments of the white biomass returned averages of 0.305 120 (± 0.403) µg C uptake/g Cbiomass/hr after one hour and 0.662 ( ± 0.240) µg C uptake/g Cbiomass/hr 121 after two hours. Biofilms with both green and white biomass together from the limestone-lined 122 channel immediately downstream of the emergence returned average C-uptake rates of 35.947 (± 123 5.516) and 15.085 (± 0.106) µg C uptake/g Cbiomass/hr for light treatments of one and two hours 124 respectively and 2.586 (± 0.148) and 1.245 (± 0.035) µg C uptake/g Cbiomass/hr for dark 125 treatments after one and two hours. Rose Pool sediment incubations returned average C-uptake 126 rates of 1.372 (± 0.061) µg C uptake/g Cbiomass/hr for light treatments of two hours and 0.066 (± 127 0.132) µg C uptake/g Cbiomass/hr for dark treatments of two hours. All C-uptake results are 128 reported in Supplementary Table S1 . 129 genus Ferrovum. The resulting MAGs ranged from low-to high-quality drafts based on quality 141 and contamination, but lack 16S rRNA gene sequences [20] . Five of these bins were retrieved 142 from individually assembled metagenomes and 9 from the combined assembly. Based on ANI, 143 each of the Ferrovum bins from the individual assemblies was also present in the combined 144 assembly and one bin was represented in the emergence, terrace, and combined assemblies 145
( Supplementary Table S2 ). For MAGs that were present in more than one assembly, the highest 146 quality bin from that MAG was used for further analysis (Table 2) 
. Nine unique Ferrovum 147
MAGs were present in the dataset. These MAGs shared 68.5% to 88.5% ANI with each other 148 and between 68.6% and 99.4% ANI with published Ferrovum genomes ( Supplementary Table  149 S2). Based on a concatenated tree of ribosomal protein genes, eight of the nine MAGs occupy 150 the phylogenetic space between the Group I Ferrovum sp. JA12 and sp. PN-J185 and the Group 151 IV Ferrovum sp. Z-31 and the type strain ( Figure 4 ). Two MAGs, MAG-4 and MAG-7 are 152 classified as high-quality drafts based on the criteria described by Bowers et al., [20] and are 153 described in more detail below. 154
MAG-4. MAG-4 is represented by a single bin which was retrieved from the combined 155
assembly and is the most complete MAG recovered in this study. It is 95.7% complete with 0.4% 156 contamination. MAG-4 contains 2250 gene coding sequences, 1466 of which were annotated by 157
GhostKoala (Table 2). MAG-4 shares 69 -74% ANI with the other MAGs and the published  158 Ferrovum genomes ( Supplementary Table S2 ). The MAG is phylogenetically positioned 159 between the Group I Ferrovum spp. JA12 and PN-J185 and the Group VI type strain and sp. Z-160 31 ( Figure 4) terminal oxidases, and an F-type ATPase ( Figure 6 ). 167
Carbohydrate Metabolism. MAG-4 encodes the enzymes necessary to fix carbon via the 168
Calvin-Benson cycle except the enzyme needed to form ribose 5-phosphate from sedoheptulose-169 7 phosphate. The MAG also contains the genes for a nearly-complete TCA cycle. Only the gene 170 for malate dehydrogenase (mgo) is missing, which catalyzes the oxidation of malate to 171 oxaloacetate. It contains a nearly complete suite of genes for glycolysis but is missing the genes 172 necessary to transform fructose-6-phosphate to fructose-1,6-bisphosphate (phosphofructokinase-173 1) and from glycerate-3-phosphate to glycerate-2-phosphate (triose-phosphate isomerase). 174 2.5.3 Nutrient Acquisition. MAG-4 encodes the structural proteins necessary for nitrogen 175 fixation (NifHDK) and denitrification (NasAB, NirBD), but lacks the genes necessary to import 176 inorganic nitrogen in to the cell ( Figure 6 ). It is likely that The MAG contains many of the genes 177 necessary for assimilatory sulfate reduction but is missing PAPSS which reduces ammonium 178 persulfate (APS) to 3-phosphoadenosine-5-phosphosulfate (PAPS). It also contains homologs of 179
DsrA and DsrB which can be used to reduce sulfite to sulfide or to oxidize sulfide to sulfite 180 ( Figure 6 ). The MAG also contains the genes necessary to import inorganic phosphate and use it 181 in biosynthetic pathways (PST, ppx, ppk). 182 2.5.4 Motility. MAG-4 contains all the genes necessary to construct flagella except motXY which 183 encode proteins are involved in flagellar rotation and fliJT. The MAG also contains the genes 184 necessary for chemotaxis (cheABCD, cheR, and cheVWZ) 185 2.6 MAG-7. MAG-7 is represented by bins retrieved from the emergence, limestone lined 186 channel, and co-assembled metagenomes ( Table 1) . The highest quality bin is from the limestone 187 lined terrace and is 86.7% complete with 0.63% contamination. The other two bins are 72.6% 188 and 70.9% complete with 0% contamination. Because the most complete bin is only 86.7% 189 complete, when genes were absent from that bin, we searched the other two less complete bins 190 2.6.1 Energy Metabolism. MAG-7 contains one homolog to the high-molecular weight Cyc2 191 type protein found in other Ferrovum taxa ( Figure 5 , 6). The Cyc2 sequence is phylogenetically 192 placed as a sister group to those from the type strain and F. sp. Z31 ( Figure 5 ). MAG-7 also 193 contains homologs of the genes necessary for oxidative phosphorylation with a B/A type NADH 194 dehydrogenase (nuoA-nuoN) and succinate dehydrogenase (sdhA-D), an E/B/A type cytochrome 195 c reductase, bo, bd, and cbb3 type terminal oxidases, and an F-type ATP-ase. 196 2.6.2 Nutrient Acquisition. The MAG encodes the genes necessary for reducing nitrate to nitrite 197 (nasAB), but not those to further reduce the nitrate to ammonia (nirBD; Figure 6 ). The MAG also 198 contains the genes necessary to import inorganic phosphate and use it in biosynthetic pathways 199 (PST, ppx, ppk). MAG-7 does not encode protein necessary for nitrogen fixation and lacks the 200 genes necessary to transform urea to ammonia. Ferrovum spp. would presumably compete for common resources potentially including Fe(II) 226 and oxygen as well as essential nutrients (e.g., N and P) and trace elements. At Cabin Branch, 227
Fe(II) is present in mmol/L amounts constantly supplied by mine-impacted sources and is 228 unlikely to be limiting. Dissolved oxygen is also present although the concentration is lower at 229 the emergence and increases downstream. Ammonia and phosphate were detected at all sites. 230
While we cannot rule out the effects of micronutrients, in the presence of presumably replete 231 resources, gene content differences could explain co-existence of Ferrovum populations at Cabin 232 Therefore, MAG-4 may preferentially reside in low-oxygen environments that provide enough 300 oxygen to perform Fe(II) oxidation, but at low enough concentrations to protect nitrogenase from 301 oxidative damage. This idea is supported by the presence of cbb3 and bd type oxidases in MAG-302 4 that are preferentially expressed in microaerobic conditions as discussed above. 
Branch. 233

CONCLUSIONS 315
We recovered co-occurring Ferrovum taxa with distinct metabolisms from the emergence and 316 outflow of an AMD site. A DSV-based approach suggested multiple Ferrovum taxa co-occur 317 which contrasts to previous OTU-based studies [5] . These data and the Ferrovum genomes 318 recovered from metagenomic data highlight the limits of using OTU clustering approaches in 319 identifying discrete species. We also identified the metabolic diversity among closely related 320
Ferrovum spp. that likely facilities the co-occurrence of these taxa. Specifically, the differences 321 in nutrient cycling, motility, and chemotaxis may facilitate co-occurrence without direct 322 competition for resources and may also help to explain why Ferrovum spp. are nearly ubiquitous 323 in AMD environments despite the geochemical diversity of these environments. These data add 324 to gaps of missing diversity in the Ferrovum clade which are ubiquitous in AMD environments 325 but difficult to culture. Finally, our data highlight genetic diversity necessary for closely-related 326 co-occurring species. 327 
CO2 assimilation.
A microcosm-based approach was employed to assess the potential for 376 inorganic carbon uptake in situ through the addition of NaH 13 CO3. In situ microcosms were 377 performed between noon and 4 PM under full or partial sun. Samples were collected using pre-378 sterilized spatulas or forceps and ~ 500-mg was placed into pre-combusted (12 h, 450°C) serum 379 vials. Samples were overlaid with spring water from the collected site and serum vials were 380 capped with gas-tight black butyl rubber septa. Assays were initiated by addition of NaH 13 CO3 381 (100 µM final concentration) (Cambridge Isotope Laboratories, Inc., Andover, MA, USA). All 382 assays were performed in triplicate. 383
We assessed the potential for photoautotrophic (light) and chemoautotrophic (dark) 384 NaH 13 CO3 uptake. Assays were stopped by flash freezing vials on dry ice. All vials were stored 385 at -80 °C until processed (described below). Reported values of 13 C-labelled DIC uptake (carbon 386 fixation rates) reflect the difference in uptake between the biomass in the assays that received 387 NaH 13 CO3 and the natural abundance biomass samples described below. For comparisons 388 between mean 13 C uptake rates, a one-way ANOVA followed by post hoc pairwise comparisons 389 between treatments was conducted using a Turkey honest significant difference (HSD) within the 390 R software package (R version 3.3.2). Mean rates with p-values < 0.05 were considered 391 significantly different. 392 Assimilation rates were calculated from the following parameters: Absolute isotopic 417 stable carbon ratios were used to determine the difference between the total amount of 13 C in 418 natural abundance samples and incubation assay replicates. The difference represents total mass 419 of 13 C-labelled DIC taken up during incubations. Incubation duration times were recorded in the 420 field. Using the organic carbon content, the uptake rate is then calculated from the total µg C 421 taken up divided by the grams of organic C per gram of sediment, and that was divided by the 422 number of hours the incubation was carried out over (typically ~ 2 hours). 423 Canada). The concentration of DNA in the replicates was within 5% for each sample. Equal 430 volumes of each extraction were pooled, and the concentration of the pooled extract was 431 determined as described above. As a negative DNA extraction control, DNA was extracted from 432 the filter used for the field blank water sample (described above). No DNA was detected in the 433 control and sequencing failed to generate amplicons (see below for amplicon sequencing details). Briefly, forward reads were trimmed to 210 bp and reverse reads were trimmed to 120 bp based 444 on their quality profiles. Sequences with ambiguous bases and those with more than 2 expected 445 errors were removed. Error rates were estimated using the learnErrors command. Sequences 446 were dereplicated using the derepFastq command and the unique sequence variates were inferred 447 using the dada command. Forward and reverse reads were merged using mergePairs. Contigs 448 shorter than 250 or longer than 256 bp and chimeric sequences were removed. The surviving 449 unique, denoised sequences are referred to as denoised sequence variants (DSVs). Taxonomy used to determine genome completeness, and within CheckM, prodigal was used to identify 499 protein coding sequences. Ghost KOALA was used to annotate protein coding sequences using 500 the genus_prokaryotes database. Protein coding sequences were also annotated with prokka. We 501 then manually compared the gene content of MAGs to that of existing Ferrovum genomes. 502
C and N concentration and stable isotope
503
ABBREVIATIONS: TABLE AND FIGURE LEGENDS  737   Table 1 . Geochemical and physical analytical results for Cabin Branch samples. 738 Table 2 . Metagenome assembled genomes. When a taxon was found in multiple assemblies, the 739 MAG with the highest completeness and lowest contamination was used. The MAGs used for 740 further analysis are shown in black text whereas those not used are shown in grey text. The 741
MAGs used in the comparative analysis are highlighted by in grey. 742 Geochemical and physical measurements: meters/probes (pH, mV, Temperature, Conductivity, Dissolved Oxygen (D.O.)), spectrophotometry ( Fe 2+ , NH 4 (T)), ion chromatography (Cl, SO 4 ), IR-MS (dissolved inorganic carbon (DIC), dissolved organic carbon (DOC), ICP-OES (P, Na, K, Ca, Mg, Si, italisized values for Al and Fe Total ), and ICP-MS (Al, Mn, Fe). S.D. = standard deviation, bdl = below detection limits, nd = not determined. Geochemical and physical measurements: meters/probes (pH, mV, Temperature, Conductivity, Dissolved Oxygen (D.O.)), spectrophotometry ( Fe 2+ , NH 4 (T)), ion chromatography (Cl, SO 4 ), IR-MS (dissolved inorganic carbon (DIC), dissolved organic carbon (DOC), ICP-OES (P, Na, K, Ca, Mg, Si, italisized values for Al and Fe Total ), and ICP-MS (Al, Mn, Fe). S.D. = standard deviation, bdl = below detection limits, nd = not determined. 
